Studies on sustainable construction materials are on the rise with their environmental, social, and economic benefits. is study identifies the key indicators for measuring sustainable construction materials. e design used for the study was that of a survey which relied on a questionnaire with five-point Likert scale to generate data for the analysis. For this purpose, 25 indicators from the three dimensions (environmental, social, and economic) identified from the literature were presented to the respondents in a structured questionnaire, and responses were collected and analysed using SPSS. e study identified three key environmental indicators for measuring sustainable construction materials, and these indicators are human toxicity, climate change, and solid waste. Furthermore, adaptability, thermal comfort, local resources, and housing for all were identified as the four key social indicators for sustainable construction materials. In addition, maintenance cost, operational cost, initial cost, long-term savings, and life span were found to be the five key economic indicators for measuring sustainable construction materials. e study therefore suggests that these twelve indicators should be considered in future studies that seek to measure sustainable construction materials.
Introduction
e choice of construction materials has wide-reaching economic, environmental, and social consequence on any structure. e total cost of most structures depends greatly on the types of materials used. e energy consumption of any building has a significant relationship with the materials used for construction and the design of the building. Adaptability of some buildings by the society sometimes has bearing on the types of materials used. is therefore makes construction material an important factor in sustainable development. According to Ness et al. [1] , sustainable development has been integrated into many aspects of the society in recent years. is has made the concept of sustainable development an important aspect of many industries worldwide [2] . According to Mailler [3] , sustainability is an integrated concept, whereby environmental, social, and economic factors are interrelated. Sustainable development is a concept that is applicable in almost all fields of study and industry.
In the field of construction, sustainability is of great concern due to huge capital injunction and environmental factors coupled with societal adaptability. Construction materials and methodologies applied in building of structures have great influence in the sustainable development issues in the field of construction. Sustainable buildings take advantage of the natural resources available and depend on a "green" choice of materials [4] . According to Buildabroad [4] , the availability of sustainable construction materials is on the rise, with new innovations and sourcing of materials that are not detrimental to the environment and are designed to enhance the energy efficiency of buildings. Sustainable construction materials are materials that are cost-effective and socially accepted and reduce negative environmental impacts, today and into the future during manufacturing and building structures. Peach [5] mentioned that sustainable construction materials include wool bricks, solar tiles, sustainable concrete, paper insulation, and triple-glazed windows. In low-income communities, earthbased technologies (such as rammed earth, compressed earth blocks, and stabilised soil blocks) are the commonly used sustainable construction materials.
A number of studies [6] [7] [8] [9] [10] [11] have reviewed the volume of literature in earth-based sustainable construction materials. Danso et al. [6] reviewed the existing published works on the effect of stabilisers (fibres and binders) on technical performance of soil blocks or bricks using parameters such as compressive strength, water absorption, and flexural strength. Delgado and Guerrero [7] also reviewed the state of use of the earth building in Spain which presented research organisations, modern projects carried out, and the existing manufacturers for compressed earth blocks, and also examined a pair of nonregulatory guides that could act as national reference documents. Hejazi et al. [8] reviewed the history, benefits, application, and possible executive problems of using different types of natural and/or synthetic fibres in soil reinforcement. Maniatidis and Walker [10] made a review of rammed earth construction by considering national codes, materials, structural design, construction, quality control, foundations, and maintenance. PachecoTorgal and Jalali [11] also reviewed some of the environmental benefits associated with earth construction including an overview about its past and present. ey also included a review of economic issues, nonrenewable resource consumption, waste generation, energy consumption, carbon dioxide emissions, and indoor air quality.
e use of waste in producing sustainable construction materials is generating research interest in the last decade. Studies have investigated the properties of sustainable construction materials produced with waste in concrete or blocks. Table 1 outlines some of these studies and the types of sustainable construction materials they investigated.
It can be seen from Table 1 that some studies have investigated the properties of sustainable concrete with waste materials such as paper, plastic, and natural fibres. Earthbased construction materials have rather seen a large volume of research works. While rammed earth has also seen a number of studies into its properties, earth/soil blocks/bricks have recorded a massive investigation with different waste materials such as natural fibres, sawdust, scrap tire rubber, plastics, and animal wool fibres. All these studies contribute to the literature on sustainable construction materials.
Identifying and measuring the indicators for sustainable construction materials is relevant in placing construction material studies in the context of sustainable development. Danso [2] reviewed the general and relevant available indicators for measuring sustainable construction materials. However, there is lack of information on the most important sustainable indicators in relation with construction materials. is paper therefore identifies the key indicators for measuring sustainable construction materials.
Methodology
e design used for this study was that of a survey which relied on a questionnaire to generate data for the analysis.
e questionnaire was developed, pretested to a sample of three experts in construction materials, and then modifications were made to obtain a more efficient instrument. A five-point Likert scale was used to measure the key indicators for sustainable construction materials. e Likert scale ranged from unimportant (1) to very important (5) .
ree main dimensions used are environmental, social, and economic.
e environmental dimension consisted of eleven indicators, social dimension had eight indicators, and economic dimension had six indicators, making a total of 25 indicators. ese indicators were adopted from the previous study [2] which reviewed the general and relevant available indicators for measuring sustainable construction materials. e indicators under their various dimensions are shown in Figure 1 which presents the hierarchical structure for construction material sustainability assessment. e questionnaire also asked the respondents to add any indicators they consider important and make any suggestions.
e population for the study was the professionals from the construction industry and academics who have researched and published in the area of construction and building materials. A purposive sampling technique was adopted to select the professional for data collection. e professionals were identified through their published materials (articles, books, and reports), and their email addresses noted. e questionnaire was designed with Adobe Acrobat Professional version 11, which made it easy to be emailed as an attachment to the respondents. In the email, the respondents were told to download, click preferred responses, save, and return by email. e questionnaire was administered to the construction professionals through their email addresses. After a month, a reminder was sent to those who have not responded. It must be noted that few emails [45] Waste tea residue in soil bricks [46] 2 Advances in Materials Science and Engineering were returned as error which might be due to invalid and wrong addresses. e completed and returned questionnaires were downloaded, printed, and coded. e data obtained were analysed using the statistical package for social sciences (SPSS) version 22. e data from the questionnaire were inputted into SPSS and analysed by the use of descriptive statistics for obtaining the mean and standard deviation. In determining the key indicators for each dimension, a hypothesized mean of 4.000 and above was set as a critical cuto point. It means that any indicator that recorded a mean of 4.000 or above was considered a key indicator, which the study identi ed as measuring sustainable construction materials. is represented the respondents' choice of indicators ranked between important and very important.
Results and Discussion
Out of the 115 questionnaires administered, 45 usable questionnaires were obtained, representing 39% response rate. Construct validity was also ensured by critically developing the indicators within an established theoretical framework. e Cronbach alpha reliability test for the items was above the recommended 0.7 [47] . From Table 2 , all of the constructs have item loadings higher than the recommended 0.70. Data were analysed using descriptive analysis.
e responses of the respondents are presented under three dimensions: (1) environmental, (2) social, and (3) economic. Table 3 presents the analysis of the environmental indicators of sustainable construction materials. e descriptive analysis shows that three items recorded mean values of 4.000 or more, which implies that the respondents rated the items between important and very important. e rst ranked indicator for the environmental dimension is "human toxicity" with a mean value of 4.267.
Key Environmental Indicators.
e following two indicators are "climate change" and "solid waste," both with a mean value of 4.000. e 
Advances in Materials Science and Engineering
other environmental indicators (ecotoxicity, water extraction, photochemical oxidation, acidification, fossil fuel depletion, ozone layer depletion, mineral extraction, and freight transport) recorded values less than the hypothesized mean.
From the results, it can be seen that three indicators were identified as the key environmental sustainable construction materials.
ese indicators are human toxicity, climate change, and solid waste. Human toxicity aims to quantify the degree to which a particular substance causes damage to living organisms. Assessments of toxicity are based on guidelines for tolerable concentrations in air and water, tolerable daily intake, and acceptable daily intake for human toxicity [48] . Many of the chemicals used in the society have not undergone a risk assessment, and assessment techniques are still developing, something that manufacturers of construction products should also be aware of [48] . Issues relating to toxicity generate much debate in the construction industry, especially manufacturing of construction materials and their disposal after demolition. Users of construction materials should carefully review the material supplier's guidance and note any relevant regulations, codes, and standards appropriately.
ey should also consider the context and application within which the materials are to be used to ensure that industry-specific regulations or standards are complied with.
Climate change refers to the change in global temperature caused by the greenhouse effect by the release of "greenhouse gases" such as carbon dioxide by human activity. ere is now scientific consensus that the increase in these emissions is having a noticeable effect on climate. Raised global temperature is expected to cause climatic disturbance, desertification, rising sea levels, and spread of disease [49] . Embodied carbon is the carbon dioxide (CO 2 ) or greenhouse gas (GHG) emissions associated with the manufacture and use of a product or service. For construction products, this means the CO 2 or GHG emissions associated with extraction, manufacturing, transporting, installing, maintaining, and disposing of construction materials and products [48] .
Solid waste represents the environmental issues associated with the loss of resource implied by the final disposal of waste, and any waste that is disposed of in landfill or incinerated without energy recovery. e characterisation methodologies, for example, the Dutch EcoIndicator30 and the Swiss Ecopoints31, and the characterisation factors are based on the mass of solid waste [49] . Solid waste generated by construction materials is huge, from manufacturing of the materials, application of the materials, and disposal of the demolished structures.
Key Social Indicators.
e analysis of the social indicators of sustainable construction materials can be seen in Table 4 . e result indicates that four indicators were rated by the respondents as the key indicators within the theoretical mean of 4.000. "Adaptability" was the first ranked indicator with a mean value of 4.133. e second ranked indicator was "thermal comfort" with a mean value of 4.067.
e next ranked indicators were "local resources" and "housing for all," both with a mean value of 4.000. Indicators such as cultural heritage, social value, choice and security of tenure, accessibility, empowerment and participation, and aesthetic quality had values less than the hypothetical mean.
Adaptable buildings are defined as "dynamic systems that carry the capacity to accommodate a set of evolving demands regarding space, function, and components [50] ". To ensure sustainability, building materials must build in adaptability to both its existing and new buildings. Buildings are more likely to be occupied and reused if they can be easily adapted to meet changing needs [51] . Buildings which are unable to adapt with such changing needs will become obsolete or require substantial refurbishment or demolition, where neither option may create a sustainable built environment [52] . ermal comfort is the condition of mind which expresses satisfaction with the thermal environment [53] , that is, the condition when someone is not feeling either too hot or too cold [54] . Building materials contribute greatly to thermal comfort of any structure. Adaptive thermal comfort broadens understanding of the human comfort zone by taking into account the ways that people's perceptions of their environment change based on seasonal expectations of temperature and humidity [55] . It is an undeniable fact (especially in warm climate areas) that houses built with local materials have cool room temperature particularly with houses built with soil or earth and thatches [56] . e consideration of thermal comforts is therefore important when selecting construction materials.
Local resources (materials) are usually available and affordable in most localities. Nature has provided mankind with some wonderful materials to build houses, and these materials require little processing or transporting and the costs are low [57] . It is important to identify and use locally manufactured and available materials (sand, stones, grass, thatches, clay, timber, clay bricks, and clay blocks) in providing houses especially in the developing countries in order to meet their housing demand [56] .
"Housing for all" is a concept that describes the situation of ensuring that housing becomes affordable and available to every individual. Housing for all is therefore associated with affordable or low-cost housing. UN Habitat [58] defined affordable housing as a house that is adequate in quality and location and does not cost such that it prohibits its occupants from meeting other living costs and threatens their enjoyment of basic human rights. Low-cost housing on the other hand is a housing concept whose total cost for purchase or rent is deemed affordable for those in the median income bracket [59, 60] . e factors that contribute to housing for all include cost of materials, cost of labour, and cost of land, among others. e cost of construction materials constitutes between 60% and 70% of the cost of a building in developing countries [61] . erefore, reduction of the material cost will invariably help in promoting housing for all.
Key Economic
Indicators. Descriptive analysis of the economic indicators of sustainable construction materials is shown in Table 5 . Five indicators were identified by the respondents as key economic factors of sustainable construction materials. ese are maintenance cost, operational cost, initial cost, long-term savings, and life span, which recorded a mean value above 4.000 by the respondents. Indicators such as job creation and tourism obtained mean values below the hypothesized mean.
e maintenance cost of building components is the cost involved in the process of sustaining the performance of a building in accordance with the documented design and the operational needs. is process involves a set of activities that help in sustaining a building's components. Sahely et al. [62] opined that economic indicators such as operation and maintenance costs continue to play an important role in decision making as part of a larger set of indicators. Maintenance cost involves the cost of caring for the components of building to ensure reliability and prevention of failure. e operational cost is the cost incurred in the day-today running or operation of the building. e operational cost includes mortgage payments, building insurance, taxes, maintenance and repair cost, and general and administrative expenses [54] .
Initial costs are the costs that are incurred during the design and construction process.
e initial cost of construction project includes the cost at the following stages of construction: planning, preliminary, design, and construction. e initial cost includes the cost of acquiring land and cost of materials for constructing the structures.
Long-term savings is critical in reducing the running cost of any structure. Construction materials and components with a long-term savings and low-maintenance effort reduce investments for maintenance, replacement, and renovation. While some sustainable materials may require greater upfront costs, they bring with them long-term savings due to reduced energy and transportation costs, as well as being beneficial for the environment in the long term [4] .
Summary and Conclusion
e aim of this paper was to identify the key indicators for measuring sustainable construction materials.
is study Advances in Materials Science and Engineeringwas based on the three main dimensions of sustainable development, which are environmental, social, and economic. e study adopted 25 indicators from the literature out of which the respondents identified twelve (12) as key indicators for measuring sustainable construction materials. ese include three key environmental indicators for measuring sustainable construction materials, which are human toxicity, climate change, and solid waste. Furthermore, adaptability, thermal comfort, local resources, and housing for all were identified as the four key social indicators for sustainable construction materials. In addition, maintenance cost, operational cost, initial cost, long-term savings, and life span were found to be the five key economic indicators for measuring sustainable construction materials.
e study therefore suggests that these twelve indicators should be considered in future for any study that seeks to measure sustainable construction materials.
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